The study aimed to investigate the association between metabolic syndrome (MetS) and lifestyle risk factors among Ellisras adults. A cross-sectional study was conducted on 624 adults (306 males and 318 females). MetS was defined according to the criteria of the International Diabetes Federation. The prevalence of MetS was 23.1% (8.6% males and 36.8 % females). Females appeared to have higher mean values for waist circumference (WC), fasting blood glucose (FBG), total cholesterol (TCHOL) and low-density lipoprotein cholesterol (LDL-C), while males had high mean values for high-density lipoprotein cholesterol (HDL-C), triglycerides (TG), systolic blood pressure (SBP) and diastolic blood pressure (DBP). No significant age and gender differences were observed for dietary intake. Significantly more females (51.9%) presented with increased WC than males (4.6%). Participants who had a high dietary energy intake were significantly less likely to present with larger WC ( Therefore, identifying groups that are at an increased risk and those that are in their early stages of MetS will help improve and prevent the increase of the MetS in the future.
Introduction
Metabolic syndrome (MetS) is a global problem associated with the clustering of several cardiovascular risk factors [1, 2] . Contrary to earlier thoughts, MetS is no longer rare in Africa, especially in medium-income countries such as South Africa [3] . South African evidence suggests an upsurge of non-communicable diseases (NCDs) amidst the existence of communicable diseases (CDs) such as HIV/ AIDS and tuberculosis. Moreover, NCDs and CDs in the country are influenced by socio-demographic factors; and thus tend to be more prominent in certain segments of the population [1, [4] [5] [6] . The South African population is comprised of various ethnic groups [7] . Patterns of NCDs and CDs in this regard understandably vary by ethnicity, possibly due to ethnic and cultural differences. More importantly, the rise in NCDs in the country can be explained by the rapid nutrition transition associated with urbanization, the adoption of "Westernized" diets (diets high in fat, added sugar, and salt) and lifestyles (sedentary activity, excessive alcohol intake, and smoking) as well as the diversity of cultural and ethnic beliefs [8, 9] .
Among others, the consequences of the aforementioned diet and lifestyle are insulin resistance, hyperinsulinaemia, central obesity, hypertension, elevated total cholesterol (TCHOL) and low-density lipoprotein cholesterol (LDL-C), dyslipidaemia (increase in plasma triglycerides [TG] ) and a decrease in high-density lipoprotein cholesterol (HDL-C). Substantial evidence suggests that these consequences are components of MetS [1, 2] . Furthermore, there is evidence that emphasizes obesity as the main component of MetS [1, 2, 10] . Obesity is defined as the accumulation of excess body fat, which manifests as increased weight, or the centralization of body fat (indicated as higher than normal waist circumference (WC)) [1] . In Africa, different measures of body fat accumulation have been used as primary indicators for MetS. For instance, some studies emphasize body mass index (BMI), while others emphasize WC or waist-to-hip ratio (WHR) as the standard measures for MetS. In Cameroon, researchers used WHR (WHR>0.9 (males) and >0.85 (females) to measure body fat centralization in rural dwellers, while they used WC (as defined by both National Cholesterol Education Program (NCEP) and International Diabetes Federation (IDF)) in urban dwellers [10] . In South Africa, WC (≥86 cm for men and ≥92 cm for women) has been used as a predictor of the presence of at least two other components of MetS in a rural South African black community in KwaZulu-Natal [4] . In this study, it was also shown that MetS was more prevalent in women than in men. In fact, in South Africa metabolic diseases are expected to increase dramatically in women due to the rising rates of obesity and dyslipidaemia in this gender [11] . Body fat centralization was also defined according to the World Health Organization (WHO) classification as WC (≥102 cm and ≥88 cm for males and females, respectively) in Benin, while BMI was used in Gambia (≥30 kg/m 2 ) and Nigeria (≥25-29.9 kg/m 2 and ≥30 kg/m 2 ) [12, 13] . This therefore poses significant challenges for country comparisons of the extent of MetS on the African continent. However, it is important to be cognisant of the pivotal role that the accumulation of body fat, particularly central obesity, plays in the aetiology of MetS in all these African studies [4, [10] [11] [12] [13] .
Moreover, it is important to be mindful of the other risk factors for MetS, namely, unhealthy diets and risky lifestyles [1, 2] . For example, the current diet consumed by South Africans needs close monitoring as it is thought to fuel the prevalence of MetS in the country [14] . In fact, the consumption of high-fat and high-sugar diets, especially by those who have financial constraints is undesirable. Most South African households cannot afford a healthy diet and therefore rely on a diet that is, in most cases, energy dense (high in added sugar and total fat) and high in salt and saturated fat, while it is deficient in nutrients [15] . This diet therefore influences the blood biochemical profile of the individuals who consume it, thereby subjecting them to metabolic diseases.
The study aimed to investigate the association between MetS and lifestyle risk factors among young rural South African adults aged 18-30 years. This age group was selected since young adults in rural South Africa have been identified as having a high risk of being undiagnosed for NCDs [16, 17] . Emphasis was placed on differentiating the risk of MetS by age and gender. The outcomes of the current study therefore will contribute to MetS prevention efforts, especially in vulnerable populations, namely, rural and young South Africans [4, 17] .
Methods

Geographical area
Ellisras (known as Lephalale) is considered as one of the deep rural areas in the western part of the Limpopo province in South Africa. The villages are approximately 70 km away from the Ellisras town (23°40 S 27°44 W), adjacent to the Botswana border. The population is about 50,000 dispersed across 42 settlements [18] . The main sources of employment for the Ellisras residents are the Iscor coal mine and Matimba electricity power station. The remaining workforce mostly is involved in subsistence farming and cattle rearing, while a few are involved in education and civil services. Poverty, unemployment, and low life expectancy plays an important role in rural South African settings and the Ellisras rural population is not exempted from this [19] .
Sample and research design
A total of 624 adults (306 males and 318 females) aged 18-30 years who are part of the Ellisras Longitudinal Survey (ELS) participated in the current study [20, 21] . The Ethics Committee of the University of Limpopo granted ethical approval prior to the survey and the participants signed the informed consent forms.
Data collection
Dietary intake
Dietary intake was measured using a validated 24 h recall method [22] . Senior Northern Sotho-speaking dietetic students of the University of Limpopo, specifically those trained to use the 24-h recall method, completed interviews with participants regarding their dietary intake over the previous 24 h. For each participant, interviews took place on one weekday and on one weekend day. An average of 2 days 24-h dietary intake was then made for each participant. Estimated portion sizes of foods consumed were recorded in as much detail as possible, using a pretested questionnaire and food models, simulating average portions of local foods [23] . A self-administered questionnaire was used to collect data on lifestyle factors, including smoking and alcohol intake.
Anthropometric and blood pressure (BP) measurements
Anthropometric measurements (WC) were conducted on all study participants, according to standard procedures of the International Society for the Advancement of Kinanthropometry [24] . The WC measurements were taken to the nearest 0.1 cm, using a soft measuring tape.
Using an electronic Micronta Monitoring Kit, three BP readings were taken after the subject had been seated for 5 min or longer. The bladder of the device contains an electronic infrasonic transducer that monitors the BP and pulse rate, displaying these concurrently on the screen. This versatile instrument has been designed for research and clinical purposes [25] .
Biochemical parameters
Fasting venous blood specimens were collected from all the participants for the measurement of fasting blood glucose (FBG), TCHOL, TG and HDL-C. Blood specimens for the measurement of fasting plasma glucose (FVPG) were drawn into fluoride tubes. The FVPG was measured using the glucose oxidase method, on a Beckman LX20 ® autoanalyser (Beckman Coulter, Fullerton, CA) after the samples were centrifuged within 4 h. The enzymatic assay kits on a Beckman LX20 ® auto-analyser (Beckman Coulter, Fullerton, CA) were used to measure serum lipid profile. High LDL-C was calculated using Friedewald equation [26] :
Criteria for MetS diagnosis
MetS was diagnosed using the new harmonized guidelines of the IDF, which requires large (WC) (≥94 cm males, ≥80 cm females plus two of the following criteria: reduced HDL-C (<1.0 mmol/L males; <1.3 mmol/L females), high TG (≥1.7 mmol/L), elevated BP (≥130 mm Hg systole and/ or ≥85 mm Hg diastole), FBG (≥5.6 mmol/L) [27] and high LDL-C (≥3 mmol/L) [28] .
Statistical analysis
Descriptive statistics were used to describe the participant's characteristics and data were presented using numbers, percentages, medians, means, and standard deviations. Linear regression was used to investigate the association between dietary intake and MetS risk factors. Dietary intake variables used in the linear regression method were log transformed prior to analysis because of their skewed distribution. Logistic regression analysis was used to investigate the influence of dietary intake on MetS risk factors. The statistical package of the social sciences (SPSS) version 23.0 was used for data analysis. A p-value of <0.05 was considered statistically significant. Dietary data were analysed using local food tables and software [29] and compared to the recommended intake [30] . Figure 1a shows the observed prevalence of each MetS risk factor of the total sample of participants. Overall, significantly more females presented with increased WC than males (51.9 vs 4.6%). The trend of gender differences was also observed for elevated TCHOL (22.0% for females vs 11.1% for males) and LDL-C (42.8% for females vs 26.8% The gender difference trend was observed even when the sample data was disaggregated by age groups (Fig. 1b) in that significantly more females aged 18-24 years presented with larger WC and reduced HDL (37.6 and 77.2%, respectively) than males (1.9 and 24.3%, respectively). Males in the 18-24-year-old group had significantly high DBP and hypertension than females (23.3 vs 5.0% and 23.3 vs 8.9%, respectively). Overall, the risk factors with the highest prevalence in this particular age group were reduced HDL-C, elevated FBG and increased LDL-C (ranging from 50.5, 47.5 and 28.4%, respectively). The risk factors with the lowest prevalence were increased DBP, elevated TG and high TCHOL (ranging from 6.9, 7.8 and 13.7%, respectively).
Results
Consistency trends were observed in the 25-30-year-old group (Fig. 1c) , as large WC and reduced HDL-C were significantly higher in more females than males (58.5 vs 5.9% and 77.9 vs 32.0%, respectively). In addition, significantly more females (24.4%) had elevated TCHOL than males (11.3%). Similarly, as observed in the 18-24-year-old group, more males than females presented with high SBP (37.9 vs 9.2%), DBP (9.9 vs 4.6%) and hypertension (39.4 vs 9.7%), respectively). Overall, the risk factors with the highest prevalence in the 25-30-year-old group were reduced HDL-C, elevated FBG and increased LDL-C (ranging from 55.7, 45.7 and 38.1%, respectively). The lowest prevalence risk factors are increased DBP, elevated TG and high TCHOL (ranging from 7.1, 11.0 and 18.1%, respectively).
With regard to dietary intake, overall, significantly more males than females reported a high total energy (95.8 vs 17.6%), high protein (5.9 vs 1.6%) and low fibre intake (99.3 vs 96.2%). This trend remained significant for a high total energy when data were disaggregated by age group, where 99.0% of males within the 18-24-year-old group had high total energy intake compared to 7.9% females and 94.1% of males within the 25-30-year-old group had high total energy intake compared to 22.1% females. However, the trend for a high protein and low fibre intake only remained significant in the 25-30-year-old group where and 7.4 and 99.5% of males reported a high protein and low fibre intake compared to 1.8 and 95.9% of females, respectively.
On the other hand, as shown in Table 2 , more females reported a high added sugar intake compared to males (56.9 vs 48.4%). This remained significant in the 18-24-year-old group where 66.3% of females reported a high prevalence of added sugar compared to 48.5% of males. In the 25-30-year-old group, significantly more females (27.6%) reported intakes of high trans fatty acid diets compared to males (17.7%).
With regard to age groups, the only significant difference observed was for reported intake of high protein, where more people in the 25-30-year-old group (4.5%) reported a high protein intake than those in the 18-24-year old group (2.0%).
It is important to note that the details of the outcomes for MetS are presented elsewhere [31] . A snapshot of these outcomes are as follows: Overall, the total prevalence of MetS was 23.1% (8.6% males and 36.8% females). When the sample data was disaggregated by age groups, the prevalence of MetS in the 18-24-year-old group was 20.1% (9.8% males and 30.8% females) and 25.0% (7.7% males and 30.8% females) in the 25-30-year-old group. Table 3 shows the linear regression analysis undertaken to show the association of each log dietary intake variables with different MetS risk factors. The results showed no association between log total energy, log added sugar, log saturated fatty acid (SFA) and log monounsaturated fatty acid (MUFA) with metabolic risk factors. There was a low and negative significant association between log fibre with SBP and DBP (β:−0.004, p = 0.003 and β:−0.004, p = 0.046), respectively. After adjusting for potential confounding factors, log fibre was also associated with FBG (β: −0.028, p = 0.046). Log polyunsaturated fatty acids (PUFAs) was inversely associated with FBG, HDL-C and SBP crude. Log trans fatty acids was inversely associated with WC, HDL-C and SBP crude. Both log PUFAs and log trans fatty acids were not associated with any metabolic risk factors after adjusting for potential confounding factors. Log protein was inversely associated with SBP both crude and adjusted for potential confounding factors. In summary, it seems as though high total dietary energy, high added sugar intake, low fibre, high SFA and trans fatty acids increased the likelihood of participants presenting with high WC, FBG, TCHOL, HDL-C, TG, LDL-C and hypertension.
Discussion
Globally, the prevalence of the MetS is on the rise. Developing countries in Africa, such as South Africa, is not exempt from this. Interestingly, when the criteria for the Joint Statement definition of MetS is applied in South Africa, the MetS prevalence appears to be differentiated by ethnicity in that it is higher in black ethnic groups (>60%) compared to their white (±55%) counterparts [32] . However, when the criteria for IDF is applied, the prevalence is lower in black ethnic groups (46.5%) compared to their white counterparts (74.1%) [33] . Motala et al. (2011) [4] on the other hand showed that the MetS prevalence differs between genders in that more females (25, 21.2 and 16.8%) present with MetS when compared to their male counterparts (10, 11.2 and 7.9%) when applying the criteria for the JIS, IDF and ATP 111 definitions, respectively. Furthermore, when the criteria for the WHO definition is applied it appears as though the prevalence of MetS is estimated to be high (59.1%) in African countries such as Nigeria when compared to other developing countries like Turkey (19%) [34, 35] . However, when the NCEP-ATP III and IDF definition criteria are used, the MetS prevalence is shown to be higher in Turkey (38 and 42%, respectively) than in Africa (i.e. in Cameroon, ±1% and ±11%, respectively) [35, 36] . This therefore shows that the differences in the MetS prevalence observed in developing countries can be explained by the definition for MetS that is applied, as well as the gender and ethnicity of the population being studied [37] [38] [39] .
The current study population prevalence of MetS was estimated using the IDF criteria, and overall, the prevalence of MetS was 23.1% (8.6% males and 36.8 % females) [31] . n number of participants **p < 0.001; *p<0.05 Table 3 Regression coefficient, 95% CI and p-value in the association of dietary intake with various metS risk factors of Ellisras adults Fatty acids (%) 
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The risk of metabolic syndrome as a result of lifestyle among Ellisras rural young adults Table 4 Binary logistic regression analysis to show dietary predictors of metabolic syndrome risk factors in young adults (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) Additionally, overall participants in the current study had a higher MetS prevalence than that reported in low-income black South Africans in the study by Owolabi et al. [40] . However, males in the current study had a lower MetS prevalence than males in Owolabi et al's study. We have to bear in mind that the definition criteria used for MetS in these studies were the IDF criteria. On examining factors that seemed to influence MetS prevalence in the current study, it appears as though age and gender were the main determinants of this condition. In fact, being older influenced the health status of the participants especially the mean SBP and adiposity as shown by the values that were higher in the 25-30-year-old group than in the 18-24-yearold group. The majority of females also presented with larger WC and higher levels of TCHOL and lower levels of HDL-C. The results of the current study are somewhat corroborated by South African evidence that suggested that in the North West province that is closer to Ellisras (Limpopo province) had the majority of females (43.5%) with WC >88 cm when compared to 8% of males who present with WC that are >102 cm [41] . In the same survey, the mean SBP values also significantly differed by gender, with males presenting with higher mean values than females. SBP and DBP also seemed to increase with age. However, no significant gender differences were observed in terms of serum cholesterol. Total energy intake in this study falls below the dietary reference intakes for both males and females. However, females tend to consume more energy than males. Consumption of excessive dietary energy have been shown in other studies conducted in black ethnic communities and other rural areas in South Africa [15] . With regard to the macronutrients consumed, females consumed more carbohydrates, added sugar, fibre, and saturated fat; while males consumed more total fats. These eating behaviours may be associated with the rapid nutrition transition in the country. What was striking in the current findings was that participants in the current study consumed less dietary fibre than the recommended dietary allowances of 38 g for males and 25 g for females of this age group. This outcome is in line with the outcomes of Wentzel-Viljoen et al. (2005) [42] where they showed that fibre intake is low in adults residing in the North West province in South Africa. This is a cause for concern given the increased benefits that people are likely to have if they consume this nutrient. In fact, substantiated evidence suggests that high dietary fibre intake lowers adiposity since it suppresses appetite [43] . Moreover, fibre is beneficial in that it expedites the movements of waste products through the intestinal tract, thereby decreasing the gut transit time to protect the gut from harmful waste that may support the development of different forms of gut cancers [44] Moreover, dietary fibre is important in that it has antidiabetic properties, inhibits the oxidation of LDL cholesterol, reduces platelet aggregation and later reduces ischaemic damage [45] .
Literature on the association between MetS risk factors with dietary intakes is limited, particularly in the poor rural populations [46] . In the current study, dietary fibre was significantly associated with SBP and DBP. The same finding was reported by Moreno Franco et al. (2014) [47] . An intervention study showed that increased dietary fibre intake significantly reduced both DBP and SBP [48] . Further, there was an association between dietary fibre intake and FBG among the current study participants. These findings are consistent with the findings of Giacco et al. (2000) [49] in that high dietary intake improves the blood glucose level. The beneficial metabolic effects of dietary fibre intake included both an improvement in the daily blood glucose level and a reduction in the number of hypoglycaemic events [49] . PUFAs was significantly associated with FBP, HDL-C and SBP. Food rich in PUFA increases insulin sensitivity [50] , glucose utilization and decreases insulin resistance and the risk of type 2 diabetes [51] . These results shows that PUFAs improves MetS risk factors. Protein was also associated with SBP in the current study. There is evidence that consumption of high protein has a protective effect against the MetS [52] . However, this association needs to be interpreted with caution given that consuming higher than recommended amounts of protein is associated with increased BP and hypertensive diseases [53] and is therefore still controversial in the management of MetS. In the current study, participants with a high energy intake were less likely to present with a large WC, low HDL-C and LDL-C. Similar results were reported by Bruscato et al. (2010) [54] . These results may be attributed to participants consuming less energy than recommended. These results have a policy implication in that they call upon urgent interventions including nutrition education in rural and poorer communities of South Africa in order to halt the escalating MetS epidemic as shown by a number of studies in the country [55] [56] [57] .
Limitations of the study
Adjusting for potential confounders boosted the strength of the study results. Face-to-face 24-h dietary recall interviews administered by trained interviewers on one weekday and on one weekend day decreased the underestimation possibility. However, 24-h dietary recall data for a 2-day period is not adequate because dietary habits typically differ each day from those on other weekdays. Thus our 24-h dietary recall data might have underestimated some nutrients as well as energy intake. Despite the importance of the outcomes of this study, authors also acknowledge the study limitations such as the cross-sectional design; we therefore cannot infer causality. Not all risk factors for MetS and dietary intake were included in the current study. As such, the current study focussed only on macronutrients. We recommend that future studies examine the micronutrient intake as this might show the utility. Considering of the socio-economic status (SES) and physical activity could have strengthened the findings. Therefore, future studies should focus on the combination of both macronutrient and micronutrient intake, SES and physical activity on the influence of MetS risk factors.
Conclusion
MetS already appears to be entrenched in the rural communities in South Africa. Females seem to be the most vulnerable population group. In fact, the WC and HDL-C levels seem to be the main risk factors that explain the vulnerability of females to MetS compared to males. Males in the current study showed vulnerability to elevation of BP. The association between the dietary intake and MetS risk factors is a useful tool that will inform targeted interventions that may be useful in halting and eradicating MetS in a country that is undergoing a rapid nutrition transition. Moreover, identifying the groups that are at an increased risk and those that are in their early stages of MetS will help improve and prevent the increase of the MetS in future [58] .
